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　　　　　　　　　　　　　　　　　　（Endoluminal　grafting）
Introduction
　　Many　units　are　now　exploring　whether　it　is　feasible　to　treat　abdominal　aortic　aneurysms　by　endolu－
minal　graftingin4．　Most　units　now　favour　a　prosthesis　that　is　selfexpanding　with　good　radial　force　and
longitudinal　rigidity5・6．　This　may　be　a　straight　graft　but　more　commonly　is　placed　as　a　b血rcation　graft
using　the　modular　concept．　The　devices　used　are　becoming　increasingly　more　sophisticated．　The　chal－
lenge　is　to　progressively　improve　both　their　design　and　surgical　techniques　so　as　to　cope　with　the　many
difficult　anatomical　variations　that　occur　from　patient　to　patient．　This　will　allow　surgeons　to　“stretch
the　limits”　for　patient　selection．　The　dilemma　is　to　decide　how　liberal　the　indications　for　endoluminal
grafting　should　be，　given　that　long－term　durability　of　the　devices　has　yet　to　be　proven．
Material
　　We　have　performed　endoluminal　repair　for　abdominal　aortic　aneurysms　in　68　patients　over　a　three－
year　period　from　December　1994　to　December　1997，　There　were　58　males　and　10　females　and　the
mean　age　was　76　years　（range　52　to　89）．　Throughout　this　time，　our　policy　has　been　to　consider　any
form　of　intervention　only　if　the　aneurysm　was　5　cm　or　more　in　diameter．　An　exception　was　made　in
two　patients　with　smaller　saccular　aneurysms，　one　atherosclerotic　and　one　post－traumatic，　where　it　was
considered　that　the　risk　of　rupture　was　high．　lt　is　also　our　policy　to　limit　endoluminal　grafting　to
patients　with　serious　comorbidity，　most　often　from　severe　coronary　artery　disease　（30　patients），　chronic
obstructive　airways　disease　（8）　or　chronic　renal　failure　（8）．　Endoluminal　grafting　was　also　preferred
to　open　surgery　if　there　was　a　“hostile　abdomen”　（18　patients）．　lt　is　necessary　to　have　an　anatomical
configuration　suitable　for　endoluminal　grafting．
　　Most　of　our　experience　has　been　with　the　MinTec　Stentor　or　Boston　Scientific　Vanguard　graft　（38
patients），　but　we　have　also　recently　used　the　World　Medical　Talent　graft　in　19　patients　and　the　Aneulix
graft　in　4　patients．　There　were　only　4　straight　grafts　and　4　tapered　aorto－uniiliac　grafts　with　femoro－
femoral　cross－over，　a　modular　bifurcated　graft　being　required　in　60　patients．
Anatomical　Requirements　for　Endoluminal　Grafting
　　There　is　an　ideal　anatomical　configuration　for　endoluminal　grafting　for　an　abdominal　aortic
aneurysm．　The　aneurysm　commences　well　below　the　level　of　the　renal　arteries　providing　a　long，　straight
and　relatively　narrow　aortic　neck　to　allow　a　good　proximal　seal．　There　is　minimal　dilatation　of　the　com－
mon　iliac　arteries，　tapering　down　to　a　relatively　small　diameter　so　as　to　allow　a　good　distal　seal　above
the　internal　iliac　arteries．　Finally，　there　is　good　access　through　a　wide　and　relatively　straight　external
iliac　artery　on　each　side．　This　may　be　a　common　configuration　in　patients　with　relatively　small
aneurysms，　but　our　experience　is　that　it　is　extremely　uncommon　to　have　all　or　indeed　any　of　these
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favourable　anatomical　configurations　in　the　patients　that　are　referred　to　us　with　larger　aneurysms．　The
following　discussion　will　detail　some　of　the　manoeuvres　used　to　“stretch　the　limits”　to　allow　endolu－
minal　grafting　in　these　patients，　together　with　desirable　design　characteristics　for　these　graft　systems
that　are　being　developed　by　the　companies　involved　in　this　field．
Access　for　the　Sheaths　for　Endoluminal　Grafts
　　We　attempt　to　insert　all　grafts　through　the　common　femoral　arteries　it　is　now　our　practice　to　expose
both　common　femoral　arteries　to　place　a　bifurcation　graft．　The　sheath　containing　the　graft　on　each
side　is　directed　over　a　super　stiff　Amplatz　guide　wire．　Several　techniques　have　been　used　（Fig．　1）．　The
outer　sheath　diameter　ranges　from　21　French　（7　mm）　to　27　French　（9　mm）　for　the　ipsilateral　sheath
and　10　French　（3．3　mm）　to　16　French　（5．3　mm）　for　the　contralateral　sheath．　The　early　devices　were
prone　to　cause　trauma　to　the　femoral　and　external　iliac　arteries，　particularly　if　there　was　repeated
exchange　of　the　device．　Accordingly，　for　a　time　we　elected　to　suture　a　short　length　of　a　wide－diameter
Dacron　graft　to　the　common　femoral　artery　and　perform　all　exchanges　through　this　graft　which　was
subsequently　either　removed　with　direct　closure　or　used　to　form　a　patch．　With　improving　design　to　the
profile　of　the　nose　cone　to　the　sheaths，　we　are　now　usually　able　to　safely　insert　them　through　trans一
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Fig．　1　Techniques　for　femoral　access　for　the　sheath．　1）　Through　a　transverse　arteriotomy．　2）Through　a　Dacron
　　　　　　graft　sutured　to　the　artery．　3）　Through　a　strong　outer　sheath．　4）　By　puncture　with　a　dilating　tip　to　the
　　　　　　sheath．
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verse　arteriotomies．　Access　is　further　improved　by　using　a　second　long　outer　sheath　to　facilitate
exchanges．　With　further　improvements　to　design　with　a　long　tapering　tip　to　the　nose　cone，　it　will　be
possible　to　puncture　the　exposed　artery　over　the　guidewire　and　progressively　dilate　the　puncture　site．
　　In　6　patients，　the　device　would　not　pass　up　the　external　iliac　artery　because　the　artery　was　too　small
or　tortuous．　lt　was　then　necessary　to　perform　an　extraperitoneal　exposure　to　suture　a　short　length　of
a　wide－diameter　Dancron　graft　to　the　common　iliac　artery　to　allow　access．　At　the　end　of　the　proce－
dures，　the　grafts　are　brought　down　as　an　iliofemoral　bypass　（Fig．　2）．
　　It　is　necessary　to　place　a　wire　into　the　open　limb　of　the　main　stem　to　lock　in　the　contralateral　limb，
We　found　that　this　can　usually　be　quickly　achieved　by　passing　the　wire　up　with　a　guiding　catheter　from
the　contralateral　side．　Occasionally，　it　was　neccessary　to　either　pass　the　wire　over　the　bifurcation　from
the　ipsilateral　side　into　the　sheath　（8　patients）　or　to　thread　the　wire　down　from　the　arm　（3　patients）．
We　were　unable　to　place　the　wire　by　any　technique　in　one　patient　who　subsequently　died　from　a　stroke．
The　various　companies　manufacture　the　main　stem　in　different　lengths．　The　longer　the　main　stem，　the
easier　it　is　to　pass　the　wire　if　the　iliac　arteries　are　atraight　but　the　more　difficult　it　is　if　the　iliac　arter－
ies　are　angulated　（Fig．　3）．
Tracking　through　the　Iliac　Arteries
Both　access　and　tracking　can　be　difficult　or　impossible　if　the　external　iliac　arteries　are　too　small　and
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Fig．　2　Access　via　a　Dacron　graft　sutured　to　the　common　iliac　artery　in　a　patient　with　narrow　external　iliac
　　　　　　arteries．　The　graft　is　brought　down　at　the　end　of　the　operation　as　an　iliofemoral　bypass．
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Fig．　3　Manufacture　of　the　main　stem　to　improve　access　for　the　wire　to　the　opening　for　the　contralateral　limb．　1）
　　　A　long　trunk　improves　access　if　the　iliac　arteries　are　straight．　2）　A　long　stem　makes　access　more　difficult　if
　　　the　iliac　arteries　are　angulated．
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Fig．　4　Techniques　for　improved　iliac　tracking．　1）　A　tortuous　iliac　increases　the　risk　of　perforation　or　failure　to
　　　　pass　the　sheath．　2）　Access　is　improved　if　the　artery　is　straightened　by　the　guide　wire，　an　outer　sheath　or　a
　　　　dilator．
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Fig．　5　A　proximal　endoleak　is　likely　if　the　graft　is　deployed　low　in　aneurysms　with　an　angulated　neck．　There　is
　　　　　　poor　contact　on　the　concave　side．
this　leads　to　danger　of　external　iliac　artery　rupture　as　occurred　in　one　patient，　or　occlusion　which
occurred　in　two　others．　A　further　major　problem　is　tortuosity　of　the　iliac　arteries　which　was　encoun－
tered　in　many　of　our　patients．　ln　general，　we　do　not　consider　tortuosity　to　be　a　contraindication　to
endoluminal　grafting　for　most　iliac　arteries　can　be　straightened　out．　However，　the　patient　should　be
rejected　if　the　tortuous　artery　is　also　heavily　calcified　indicating　inability　to　straighten．
　　There　are　several　techniques　to　improve　access　（Fig．　4）．　The　super　stiff　Amplatz　wire　by　itself
will　party　straighten　out　tortuous　iliac　arteries　and　this　was　frequently　sufficient　to　allow　the　sheaths
to　pass．　Paradoxically，　there　was　more　difficulty　in　the　early　stages　passing　the　contralateral　limb　of　the
Stentor　or　Vanguard　grafts．　These　were　then　designed　so　that　the　graft　was　pushed　up　the　full
length　of　the　sheath　to　the　point　of　deployment，　and　this　frequently　caused　difficulties　due　to　the　graft
jamming　at　a　point　of　angulation．　This　has　now　been　corrected　with　the　graft　loaded　at　the　distal　end．
In　difficult　cases，　the　iliac　arteries　can　be　further　straightened　by　passing　a　wire　from　a　left　brachial
sheath　through　the　length　of　the　descending　aorta　and　iliac　artery　and　out　through　the　femoral　sheath．
Tension　applied　to　each　end　of　the　wire　straightens　the　artery　during　passage　of　the　sheaths，　and　this
is　very　effective　though　potentially　time－consuming．
　　Newer　graft　devices　will　have　a　longer　tapered　tip　to　the　nose　cone　that　will　allow　progressive　dilata－
tion　and　straightening　out　of　the　iliac　arteries　prior　to　the　arrival　of　the　main　sheath．　The　challenge
to　all　companies　has　been　to　provide　a　sheath　that　is　sufficiently　narrow　to　allow　easy　passage　thor－
ough　the　iliac　system　yet　strong　enough　to　prevent　kinking　at　points　of　angulation　and　flexible　enough
（　31　）
一　288　一 THE　JOURNAL　OF　TOKYO　MEDICAL　UNIVERSITYVol．56　No．2
ANTERIOR　ANGULATION
　　　　　　　　　　　　NEC　K
ANEURYSM
LEAK
o
ANGLETUBE
o
Fig．　6　Deployment　of　the　graft　immediately　below　the　renal　aiteries　is　improved　by　tilting　the　image　intensifier　to
　　　　　　be　transverse　to　the　aortic　neck．
to　track　around　curves．　The　design　of　all　grafts　to　meet　this　objective　has　improved　greatly　but　there
are　still　some　situations　where　a　second　strong　external　sheath　is　of　benefit．
　We　were　unable　to　pass　the　main　sheath　in　two　patients　and　the　graft　could　not　be　passed　through
the　contralateral　sheath　in　another　two　patients　and　these　procedures　were　abandoned．　Two　proceeded
to　immediate　open　repair　and　one　to　later　open　repair　but　it　was　possible　to　place　the　contralateral
limb　by　an　endovascular　procedure　several　weeks　later　in　the　fourth　patient．　The　contralateral　limb
detached　in　one　patient　at　the　time　of　operation　resulting　in　iliac　artery　occlusion．
Achieving　a　Proximal　Seal
　　The　graft　may　have　bare　wire　extending　beyond　the　upper　extent　of　the　synthetic　cover　and　it　is　now
known　that　this　bare　wire　can　be　placed　across　the　renal　arteries　without　restricting　renal　blood　flow．
Accordingly，　in　theory，　it　is　possible　to　place　the　Dacron　right　up　to　the　renal　arteries　so　as　to　require
a　very　short　length　of　neck．　ln　practice，　we　still　require　at　least　1　cm　of　neck　between　the　lowest　renal
artery　and　the　aneurysm．
　　If　there　is　angulation　of　the　neck，　then　there　is　a　risk　that　the　graft　will　be　poorly　applied　to　the
aortic　wall　on　the　concave　side　of　the　curve　resulting　in　an　endoleak　（Fig．　5）．　However，　we　do　not　con－
sider　proximal　angulation　to　be　a　contraindication　to　endoluminal　grafting．　We　use　the　following　tech－
nique　to　ensure　that　the　graft　is　deployed　immediately　below　the　renal　arteries．　A　marker　board　with
a　rotation　screw　to　very　the　marker　position　is　place　behind　the　patient．　The　screen　is　coned　down　to
show　the　precise　centre　and　the　marker　is　placed　in　this　position　so　as　to　avoid　any　parallax　error．　A
straight　multi－sidehole　catheter　is　passed　from　the　contralateral　side　to　show　the　renal　arteries　by　angiog－
raphy．　The　image　intensifier　is　moved　until　angiography　shows　that　the　renal　arteries　are　in　the　cen－
tre　of　the　screen　at　the　level　of　the　marker．　Angiography　is　repeated　immediately　prior　to　deployment
to　ensure　that　the　graft　is　at　exactly　the　correct　level．　lf　a　preoperative　lateral　view　of　the　neck　has
shown　that　there　is　appreciable　anterior　angulation，　then　this　manoeuvre　is　performed　with　the　image
intensifier　tilted　towards　the　head　at　an　appropriate　angle　so　as　to　avoid　positioning　the　graft　too　low
（Fig．　6）．
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　　There　was　proximal　endoleak　due　to　positioning　the　graft　too　low　in　three　patients．　The　first　refused
further　surgery　and　is　well　with　no　complications　at　three　years．　The　second　sealed　spontaneously　at
15　months　with　no　further　problems．　The　third　was　sealed　with　a　proximal　extension　3　months　later．
　　Some　current　grafts　have　suprarenal　wire　extensions　to　help　stabilise　the　proximal　end　of　the　graft，
and　future　grafts　will　be　manufactured　with　an　appropriate　curve　（Fig．　7）．　the　ideal　system　will
provide　extensions　that　can　be　placed　at　the　time　of　the　operation　if　the　deployment　is　inadvertently
too　low　so　as　to　ensure　that　the　upper　end　is　well　seated　in　the　neck　immediately　distal　to　the　renal
arterles
Achieving　a　Distal　Seal
　　The　length　of　the　graft　is　calculated　before　operation　to　extend　down　to　a　segment　of　iliac　artery
that　allows　a　distal　seal，　preferably　above　the　level　of　the　internal　iliac　artery，　at　least　on　one　side．　lt
was　necessary　to　deliberately　extend　to　below　the　internal　iliac　artery　in　6　patients．　ln　three，　an　aorto－
uniiliac　graft　was　placed　with　a　femoro－iliac　cross－over　graft　to　preserve　the　contralateral　internal　iliac
artery，　but　this　technique　is　no　longer　favoured．　The　other　three　were　for　bifurcation　grafts，　crossing
one　internal　iliac　in　two　and　both　in　one　patient．　This　caused　buttock　claudication　for　a　time　in　two
patients，　which　gradually　resolved．
　　We　do　not　necessarily　consider　that　extension　of　a　common　iliac　aneurysm　to　the　level　of　the
internal　iliac　artery　on　one　or　even　both　sides　is　a　contraindication　to　endoluminal　grafting．　Newer
grafts　will　be　large　or　flared　at　the　distal　ends　to　seal　wide　common　iliac　arteries　above　the　internal
iliacs．
Long－term　Durability　and　Avoidance　of　Late　Complications
　　To　date，　we　have　had　no　late　proximal　endoleaks　and　have　not　observed　distal　migration　of　the　main
stem　as　might　be　expected　if　there　is　progressive　dilatation　of　the　neck．　This　may　be　because　we
consciously　oversize　the　graft　in　relation　to　preoperative　measurements　of　neck　diameter　by　at　least
2mm．　Nor　have　any　distal　endoleaks　developed　as　a　result　of　late　dilatation　of　the　iliac　arteries．
However，　two　late　endoleaks　have　occurred　due　to　separation　of　the　contralateral　limb　from　the　main
stem　in　one　and　an　extension　from　the　contralateral　limb　in　the　other　（Fig．　8）．　Both　were　in　patients
with　tortuous　iliac　arteries　and　presumably　resulted　from　repetitive　flexion　strain　at　the　join．　lt　was
possible　to　treat　both　by　inserting　a　covered　stent　across　the　gap．　We　have　made　no　attempt　to　embolise
the　inferior　mesenteric　artery　or　lumbar　arteries　prior　to　these　procedures　and　to　date　have　detected
only　one　endoleak　from　a　patent　inferior　mesenteric　artery　into　the　aortic　sac．
　　The　patient　who　required　conversion　to　an　open　repair　three　months　later　because　of　a　distal
endoleak　from　the　initial　operation　was　noted　to　have　perforation　of　the　Dacron　by　a　wire　strut．　This
was　not　the　major　source　of　endoleak　but　it　did　demonstrate　the　risk　of　graft　damage　with　time．
　　The　optimal　design　of　the　stent　in　relation　to　the　graft　is　not　known．　lt　is　not　known　whether　it
is　best　to　have　the　stent　material　on　the　inside　or　outside　of　the　graft　or　incorporated　into　the　graft
material．　lt　will　be　some　years　before　it　is　known　whether　metal　corrosion　or　fatigue　with　late　fracture
is　a　problem　and　whether　the　relatively　thin　graft　material　used　over　the　stent　is　strong　enough　to
withstand　many　years　of　prolonged　beating　with　the　pulse．
Results
　　There　were　4　deaths　in　the　first　30　days　（5．990）　due　to　myocardial　infarction　in　three　and　stroke　in
the　other．　There　were　4　late　deaths　all　from　cardiac　or　respiratory　causes　unrelated　to　the　procedure．
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SUPRARENALEXTENSlONS MANUFACTURED
Techniques　to　improve　graft　apposition　to　the　aortic　neck．　1）　An　unsupported　graft　is　likely　to　lose　contact
on　the　concave　side．　2）　Wire　extensions　above　the　renal　arteries　are　likely　to　stabilise　the　upper　end．　Grafts
can　be　manufactured　to　adapt　to　the　curve．
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Fig．　8　ln　this　patient，　late　distal　endoleak　has　occurred　due　to　separation　of　modular　components．
There　have　been　no　late　ruptures　of　the　aneurysms．
　　It　was　not　possible　to　complete　the　procedure　in　6　patients　due　to　inability　to　pass　the　main　device
in　two，　the　contralateral　limb　in　three　and　rupture　of　the　external　iliac　artery　in　one．　The　procedure
failed　after　it　was　completed　in　6　patients　due　to　proximal　endoleak　in　three，　distal　endoleak　in　one
and　iliac　artery　occlusion　in　two．　These　complications　led　to　immediate　conversion　to　open　repair　in
three，　later　conversion　to　open　repair　in　two　and　axillobifemoral　bypass　in　one．　lt　was　possible　to　repeat
the　endovascular　procedure　to　correct　a　proximal　endoleak　with　a　sleeve　in　one　patient　and　a　distal
endoleak　with　a　covered　stent　in　another．　No　treatment　was　possible　in　the　other　three　patients；　one
died　soon　after　operation，　a　second　spontaneously　sealed　a　proximal　endoleak　at　18　months　and　the
other　is　alive　and　well　with　a　persisting　proximal　endoleak　at　three　years．　Overall，　the　primary　success
rate　at　18　months　is　7990　and　the　assisted　primary　success　rate　at　18　months　is　8390　（Fig．　8）．
Conclusions
　　Advances　in　graft　design　and　better　surgical　technique　based　on　experience　have　“stretched　the
limits”　to　allow　a　higher　proportion　of　patients　to　be　treated　by　endoluminal　grafting．　lt　is　now　possi－
ble　to　use　the　technique　for　aneurysms　with　a　short，　wide　tortuous　neck　or　wide　common　iliac　arteris．
Access　for　the　sheaths　can　still　be　a　problem，　but　this　will　be　improved　as　thinner　stronger　sheaths
become　available．　There　is　a　steep　learning　curve　required　before　the　more　challenging　cases　should
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be　considered　for　treatment．　Only　if　it　is　confirmed　that　endoluminal　grafting　is　indeed　durable　will
it　possible　to　consider　expanding　the　indications　for　prophylaxis　to　prevent　continuing　expansion　of
aneurysms　smaller　than　5　cm　in　diameter．7
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